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Available online 6 June 2015Breeding for salinity tolerance using Bangladeshi rice landraces and understand genetic
diversity has been limited by the complex and polygenic nature of salt tolerance in rice
genotypes. A genetic diversity and association mapping analysis was conducted using 96
germplasmaccessionswith variable response to salt stress at the seedling stage. These included
86 landraces and10 indica varieties and lines includingNonaBokra, fromsouthernBangladesh. A
total of 220 alleles were detected at 58 Simple Sequence Repeat (SSR) marker loci randomly
distributed on all 12 rice chromosomes and 8 Sequence Tagged Site (STS) markers developed
for genes SKC1, DST, and SalT. The average gene diversity was 0.5075 and polymorphism
information content value was 0.4426, respectively. Cluster analysis revealed that 68 and 21
accessions were clustered into 2 distinct groups, possibly corresponding to indica and japonica
groups, respectively and the remaining 7 landraces were classified as an admixed group. In
addition to Wn11463, the STS marker for SKC1, RM22418 on Chr. 8 was significantly associated
with salinity tolerance, at the location of a QTL detected in previous studies. Our findings of
favorable alleles associated with salinity tolerance in Bangladeshi rice landraces, as well as the
development of STS markers for salt tolerance genes, will be helpful in future efforts to breed
salinity tolerance in rice.
© 2015 Crop Science Society of China and Institute of Crop Science, CAAS. Production and
hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).Keywords:
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Soil salinity is one of the most important environmental
factors restricting rice production. Rice is classified as a salt
sensitive crop, especially in the early growth stages [1]. There
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Table 1 – STS markers for three salt-tolerant genes.
Gene Marker Forward primer sequence (5′–3′) Reverse primer sequence (5′–3′)
SKC1 Wn11463 TCCTCCTTCTCTCGCAAC GATCCACTCGTCACAGG
Wn11466 GCTTCCCAATAATTTCGACCT CCCACCAATACTAAAGATCCTG
SalT Wn13900 GTACGGGTTCACATCCTC ACCCTCTATTAATTCACTACCA
Wn13902 CACCAGCGTCATACTCT CAAAACTGAGTAGGAATACCGTGA
Wn13903 CTGTATCAACTGCATTCGTGT GCTTGGTCAAACTCCGT
DST Th32637 TCGTATAGTAGGCTTTCATGGC TTTCACAGGTGCGAGAGCTT
Th32638 AGAGAAGCCAAGAAATCGAC TCCAAGCTCCACCTACTCC
Th32639 CTATTTGGCTTCGCAAGGACA CGCCCACTTTAATCATATTCCCT
441T H E C R O P J O U R N A L 3 ( 2 0 1 5 ) 4 4 0 – 4 4 4Many studies show that salinity tolerance is a complex trait
controlled by quantitative trait loci (QTL) [4]. For example, 11
QTL for seedling survival were identified on chromosomes 1, 4,
6, 7, and 9 using a Nona Bokra × Koshihikari F2:3 population.
One major QTL for shoot K+ concentration on chromosome 1
(qSKC-1) explained 40.1% of the total phenotypic variance [5].
SKC1 was subsequently map-based cloned; it encodes a Na+
transporter of the HKT type and is involved in Na+ and K+
homeostasis [6]. Another QTL, SalTol, was fine-mapped to the
same region and also acts mainly to control shoot Na+/K+
homeostasis, suggesting that SKC1 may be the causal gene
underlying the SalTol QTL [7]. A salt-induced gene SalT,
identified previously, was found to co-localize with SalTol and
was 2.4 Mb away from SKC1 [8].
Landraces are currently being exploited as preferred
potential donors of abiotic stress tolerance traits because of
their local adaptation [4]. For instance, favorable alleles at the
SKC1 and SalTol loci were derived from indica landraces Nona
Bokra [6] and Pokkali [7], respectively. With close genetic
similarity to current cultivars, the tolerance traits could
readily be introduced into commercial breeding lines [4].
The southern part of Bangladesh is well known for high
salinity and popular landraces from the region are well adapted
and regarded as possessing some resistance to salt stress,
particularly at the seedling stage [9]. The situation is further
increased by selection of rice landraces, which has happened in
the case of association analysis using collected germplasmfrom
this region. An evaluation of genetic diversity and identification
of markers in Bangladesh rice landraces could provide useful
information for genetic improvement of salt tolerance.
SSR have been the predominant molecular markers used in
kinship and population studies because they are multiallelic,
reproducible, PCR-based, and generally selectively neutral [10].
They can be applied for genetic diversity and association
analysis of important agronomic andquality traits in rice [11–15].-12
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Fig. 1 – Average ln P(D) with K =In the present study, 96 rice accessions from southern
Bangladesh were subjected to a genetic diversity and associ-
ation mapping study using SSR and STS markers. The main
objective of the present study was to: 1) characterize the
genetic diversity and population structure of Bangladesh rice
landraces; 2) develop novel STS markers for salt-tolerance
genes and confirm their effect; and 3) identify loci significant-
ly associated with salinity tolerance in rice.2. Materials and methods
2.1. Rice materials
A total of 96 rice accessions were collected by Bangladesh
Institute of Nuclear Agriculture (BINA) and used in this study.
They included 86 landraces from southern Bangladesh, 9
indica varieties and lines, and salt tolerant Nona Bokra, the
donor of SKC1, was used as the tolerant control (Table S1).
2.2. Screening for salinity tolerance
Hydroponic system based on the IRRI protocol [16] was used in
the glasshouse at BINA to evaluate the salt tolerance responses
of rice genotypes at the seedling stage. Three replications of
20 plants were tested under salt stress of 12 dS m−1. The
modified standard evaluation score (SES) of IRRI [17] was used
to assess visual symptoms of salt toxicity 21 days after
sowing. Binadhan-8 was used as a second tolerant control and
Binadhan-7 was the susceptible control.
2.3. Marker genotyping
DNA was extracted from 6–8 individuals in each accession
following the method of Zheng et al. [18]. To facilitate0
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Fig. 2 – Neighbor-joining tree for 96 rice accessions based on 66 molecular markers. The triangles, circles and squares indicate
Group 1, Group 2 and the admixed group, respectively. The blue triangles filled with blue and black color represent the 9 indica
lines and the black triangle is Nona Bokra.
442 T H E C R O P J O U R N A L 3 ( 2 0 1 5 ) 4 4 0 – 4 4 4marker-assisted selection (MAS), sequence tagged site (STS)
markers, rather than single nucleotide polymorphism (SNP)
markers, were developed based on Insertion/Deletions (InDels)
between the Nipponbare and 9311 genome sequences at the
SKC1 (Chr. 1) [6], SalT (Chr. 1) [8] andDST (Chr. 3) [19] loci. Primers
(Table 1) were designed using Oligo 7.0 software. Eight STS
markers were developed, 2 for SKC1, 3 for SalT and 3 for
DST (Table 1). Wn11463 and Wn11466 were designed based on
4 bp and 17 bp InDels downstream of SKC1 (LOC_Os01g20160);
Wn13900 was based on a 4 bp InDel upstream of SalT
(LOC_Os01g24710); Wn13902 and Wn13903 were based on 7 bp
and 8 bp InDels in the SalT coding region; Th32637was based on
a 3 bp InDel upstream in DST (LOC_Os03g57240); and Th32638
and Th32369 were based on 12 bp and 18 bp InDels in the
coding region of DST.
One hundred and ninety-four SSR markers randomly
distributed across 12 chromosomes of rice were selected from
Gramene (http://www.gramene.org/) and used to screen for
polymorphisms in 4 DNA pools bulked by 24 genotypes each.
Finally, 58polymorphicmarkerswere selected to genotype each
accession, of which 8, 5, 8, 3, 4, 7, 3, 7, 3, 4, 1, and 5 were located
on each of 12 chromosomes, respectively. Chromosome 11 was
represented by only one marker.
PCR was carried out in a 20 μL reaction mixtures
containing 10 μL of 2× Taq MasterMix II (Beijing Cowin
Biotech Co., Ltd.), 0.5 μmol L−1 SSR primers and 1.0 μL
of template DNA. Amplifications were performed with
pre-denaturation of 2 min at 94 °С, 30 cycles of 30 s at 94 °С,
30 s at 50–55 °С, 30 s at 72 °С and extension of 2 min at 72 °С.
PCR products were visualized on 2% agarose gels using GelRed
staining or on 6% non-denaturing polyacrylamide gel using
silver staining.Fig. 3 – Population structure of 96 rice accessio2.4. Statistical analyses
Genetic diversity was assessed using PowerMarker version 3.25
[20], and was measured by the number of alleles per locus,
major allele frequency, gene diversity, and polymorphism
information content (PIC). Nei's distance was calculated and
used for the unrooted phylogeny reconstruction though the
neighbor joining method implemented in PowerMarker with
Treeview using MEGA 4.0 [21]. Population structure of the rice
germplasm was analyzed using STRUCTURE v2.0 [22]. Models
with putative numbers of sub-populations (K) from 1 to 10 with
admixture and correlated allele frequencies were considered.
Seven independent runs with burn-in of 10,000, and run length
of 100,000 iterations for each Kwere implemented. Both ln P(D)
value and Evanno's ΔKwere used to determine the K-value [23].
ln P(D) is the log likelihood of the observed genotype distribu-
tion in K clusters and was found by STRUCTURE simulation.
Evanno's ΔK takes into consideration the variance of ln P(D)
among repeated runs and indicates the ideal K. The optimum
value of K was then used to determine inferred ancestries. An
individual was assigned to a specific population if it had more
than 0.8 membership in that population, whereas individuals
withmembership probabilities less than 0.8were assigned to an
admixed group.
Association between marker alleles and salinity tolerance
data was performed using a mixed linear model (MLM) function
based on population structure (Q) + relative kinship (K) in
TASSEL 3.0. For each locus, rare alleles (frequency <5%) were
treated as null alleles. The relative kinshipmatrixwas calculated
by Tassel. Significantmarker-trait associations were declared by
P ≤ 0.05 with relative magnitudes represented by the R2 value as
the portion of variation explained by the marker.ns based on 66 molecular markers (K = 2).
Fig. 4 – Distribution of seedling salinity tolerance scores
among 96 rice accessions.
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3.1. Genetic diversity
A total of 220 alleles were detected using 58 SSR markers
randomly distributed on rice 12 chromosomes and 8 STS
markers (Table S2). The average major allele frequency was
0.61, ranging from 0.35 to 0.92, indicating that 61% of loci
shared a commonmajor allele at any given locus. The average
number of alleles per locus was 3.33, ranging from 2 to 7. The
average gene diversity was 0.51, ranging from 0.15 to 0.73 and
the average PIC value was 0.44, ranging from 0.14 to 0.68.
3.2. Population structure
The ln P(D) value increased with K from 1 to 10, but showed a
large increase at K = 2 (Fig. 1), suggesting two distinct groups.
There was also a sharp peak of Evanno's ΔK at K = 2 (Fig. 1). A
neighbor-joining tree was constructed based on Nei's genetic
distance (Fig. 2). The same result was revealed based on
STRUCTURE membership assignment for the 96 accessions
(Fig. 3). The majority of accessions, including 58 landraces, 9
varieties/lines and Nona Bokra were assigned to Group 1 and
21 landraces comprised Group 2 (Table S1). Seven landraces
with membership probabilities ranging from 0.56 to 0.79 were
classified as an admixed group. Nine indica genotypes, as well
as Nona Bokra, were all in Group 1, indicating that Group 1
corresponds to ssp. indica.
3.3. Association mapping
There was a large variance in seedling response to salt stress
(Fig. 4, Table S1). The controls responded as expected. The SES
scores for Nona Bokra and Binadhan-8 were 3.0 and 3.7
(tolerant), whereas that for Binadhan-7 was 8.3 indicative of
low tolerance. Among all 96 accessions 12 were tolerantFig. 5 – Manhattan plots for salinity tolerance. Negative lg-transf(1 < score ≤ 3), 30 moderately tolerant (3 < score ≤ 5), 18
sensitive (5 < score ≤ 7), and 36 highly sensitive (7 < score ≤ 9).
None was highly tolerant (score = 1).
Two markers showed significant association with salinity
tolerance score (Fig. 5, Table S3). Wn11463, a marker for SKC1
gene on Chr. 1 was significantly associated with tolerance
with a P-value of 0.028 and explained 11.7% of the phenotypic
variation. RM22418 on Chr. 8, also showed a significant
association with salinity tolerance (P = 0.028) accounting for
17.8% of the variation.
For Wn11463, the accessions carrying the alleles 120 bp
(the size of PCR product for the markers, the same as below)
and 113 bp had significantly (P <0.01) lower SES scores, as
did those carrying the 160 bp and 152 bp alleles at RM22418
(P <0.01), indicating these alleles could be useful in breeding.4. Discussion
Our results indicated two major groups of southern Bangla-
deshi germplasm; Group 1 apparently corresponded to ssp.
indica. Wang et al. recently detected three distinct groups
corresponding to ssp. indica, aus, and japonica among 151
Bangladeshi accessions using 47 SSR markers [24]. Yesmin et
al. found 38 Bangladeshi landraces in 2 major groups
described as indica and aromatic using 34 SSR markers [9].
Some accessions in the previous studies were the same as
those in the present work. Variety BRRI Dhan41 and landraces
Raja Shail and Kali Boro were classified as indica [9], whereas
Bouari (or Boari in [24]) was in the japonica group [24],
suggesting that two main groups I and 2 in the present work
probably corresponded to ssp. indica and japonica, respectively.
Eight new STS markers based on 3 salt tolerance genes
were developed, but only Wn11463, a marker for SKC1, was
significantly associated with salt tolerance, indicating that
SKC1 is likely to be present in some Bangladeshi landraces.
Wn11463 was designed based on a 4 bp InDel located 1 kb
downstream of SKC1, suggesting that it might be a functional
marker for selection of SKC1. The STS marker Wn11463 would
be helpful in MAS for rice salinity breeding.
Locus RM22418 on the short arm of Chr. 8 also showed a
significant association with salinity tolerance, corresponding
to the physical position of 3326 kb in Nipponbare genome.
QTL for traits related to salt tolerance have been detected
repeatedly in this region (Table S4). The QTL in RM38-RM25
(2115–4378 kb) interval showed significant effect to score of
salt toxicity of leaves and survival days of seedlings at the
seedling stage, as well as fresh weight at the tillering stageormed P-values were plotted against chromosomal position.
444 T H E C R O P J O U R N A L 3 ( 2 0 1 5 ) 4 4 0 – 4 4 4[25]. A QTL was also identified for Na+ in straw at high salt in
the interval of RM1235-RM25 (1209–4378 kb) accounting for
14.05% of the total variation [26]. These results suggested that
RM22418-contained region were essential for rice growth
under salt stress.
In summary, of 86 southern Bangladeshi rice landraces, 11
(12.6%) were identified as having seedling tolerance (SES score
3.0) to salt stress, and 25 (28.7%) were moderately tolerant.
These accessions could be suitable sources of salinity toler-
ance in breeding programs.Acknowledgments
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